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Respiration, Nitrogen Excretion, and O:N Ratios of the
Great Lakes Amphipod Diporeia sp.

Michael A. Quigley
Peter F. Landrum
Wayne S. Gardner

Christina R. Stubblefield
Wendy M. Gordon

ABSTRACT. Diporeia sp. (formerly Pontoporeia hoyi) Amphipoda, Crustacea obtained
from a 24-29 m deep site in southeastern Lake Michigan were held in stoppered 60 mL
BOD bottles in darkness and at 4oC during 24-hour intervals. Change in dissolved oxy-
gen concentration of filtered lakewater within test vessels indicated that mean Diporeia
sp. oxygen consumption ranged from 13.9 to 33.9 mg O

2
 g-1 DW d-1. Test vessel acclima-

tion studies revealed a minor increase in oxygen uptake early in the incubation interval
that that was not reflected in overall oxygen consumption measured over the entire 24-
hour period. Mean oxygen consumption of amphipods provided with a coarse, ignited
sand substrate was not significantly different (P<0.05) from O

2
 consumption of animals

in test vessels where no substrate was provided. In a series of 10 other experiments,
where initial ambient oxygen concentration was varied (from 95 to 23% saturation),
Michaelis-Menten kinetics analysis indicated that Diporeia sp. was able to maintain a
relatively uniform level of oxygen consumption over the upper portion of oxygen con-
centrations tested. V

max
 (predicted O

2
 consumption at 100% saturation) was 25.5 mg O

2

g-1DW d-1 and fell within the 13.9-33.9 mg O
2
 g-1DW d-1 range noted in 24-hour oxygen

consumption experiments at near-saturation O
2
 levels. K

m
 (the predicted O

2
 concentration

where oxygen consumption had declined to 50% of the V
max

 value) was 2.2 mg L-1.
Diporeia sp. nitrogen (ammonia) excretion, simultaneously measured during three of the
oxygen consumption experiments, ranged from 0.45 to 0.77 ng-atom N mg-1 DW h-1.
Calculation of O:N ratios (atoms of oxygen consumed per atom of N excreted) implied
that substrates catabolized by Diporeia sp. consisted primarily of lipids since most (62%)
O:N values were greater than 60. These results complement previously observed high
lipid content of Diporeia sp. and further suggest that the economy of lipids is a promi-
nent aspect of the amphipod’s life history.

INTRODUCTION

The amphipod Diporeia sp. is a prominent macroinvertebrate throughout benthic communities of the
Great Lakes. This organism was previously classified as Pontoporeia hoyi, a species that was believed to
have been evolved from populations of the (sub) arctic marine species Pontoporeia femorata that were
isolated in North American lakes following the retreat of Pleistocene glaciers. However, recent morpho-
logical and electrophoretic studies (Bousfield 1989, Vainola and Varvio 1989) have suggested that
Diporeia sp. is more distantly related to  P. femorata and, accordingly, Pontoporeia hoyi has now been
assigned to a new genus--Diporeia (Bousfield 1989). Moreover, the identification of distinctly different
mature male forms of Diporeia in North American lakes (Segerstrale 1971) implies that numerous
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species may exist, and at least four may occur in Lake Michigan alone (E.L. Bousfield, National Muse-
ums of Canada, P.O. Box 3443, Station D, Ottawa, Ontario, Canada K1P 6P4). In the absence of further
taxonomic clarification of North American Diporeia species, we refer, herein, to our Lake Michigan test
organisms as Diporeia sp.

In Lake Michigan, Diporeia sp. constitutes up to 65% of the resident benthic macroinvertebrate biomass
(Nalepa 1989). Its high abundance in Lake Michigan [a mean abundance of ca. 7000 individuals m-2

(Nalepa et al. 1985)] and its high lipid (and energy) content [up to 50% lipid (dry weight basis) or ca.
5000 cal gm-1, (Green 1971, Gardner et al. 1985)] suggest that further documentation of Diporeia sp.
energetics would provide a clearer understanding of the amphipod’s role in coupling of pelagic and
benthic production. Diporeia sp. provides an important food base for a variety of Great Lakes commer-
cial and sportfish species (Van Oosten and Deason 1938, Wells and Beeton 1963, Anderson and Smith
1971, Wells 1980). In addition, organic contaminant uptake studies (Landrum 1982, 1988, Landrum et
al. 1985) have shown that Diporeia sp. accumulates lipophilic organic contaminants from surrounding
sediments and porewaters and thus may represent an important route in the cycling of such contaminants
within Great Lakes food webs.

At present, considerable evidence indicates that Diporeia sp. production is intimately linked with pri-
mary production of pelagic Lake Michigan algal communities (Gardner et al. 1990). Diatom blooms
(and subsequently rich inputs of organic matter to sediments) have recently been associated with in-
creases in Diporeia sp. feeding intensity (Quigley 1988, Evans et al. 1990) and the subsequent and rapid
accumulation of storage lipids (triacylglycerols) (Gardner et al. 1985, Quigley et al. 1989). A similar
linkage between primary production and Diporeia production has also been noted for Lake Ontario
(Dermott and Corning 1988).

Little detailed information is available on Diporeia sp.’s digestive or metabolic physiology. In particular,
the biochemical identity of substrates assimilated and metabolized by Diporeia sp. to support routine
energy demands of growth and reproduction are not presently known. The objective of our series of
studies was to estimate both oxygen consumption and ammonia excretion in Diporeia sp. and to com-
pare these two rates within an O:N ratio (atoms of oxygen consumed per atoms of nitrogen excreted).
O:N ratios have been used extensively to study the underlying metabolism of a variety of crustacean
zooplankton species (see review of Mayzaud and Conover  1988). In general, low O:N ratios (3-16)
imply almost exclusive reliance on proteins as metabolic substrates. Ratios between 16 and 60 are
typical for metabolic use of a mixture of proteins, and lipids and/or carbohydrates, while ratios above 60
reflect a primary dependence on lipids and/or carbohydrates. For amphipods, investigation of O:N ratios
is presently limited to two published studies outlining the metabolism of (1) two brackish-marine
gammarid species (G. duebeni and  G. oceanicus, Tedengren et al. 1988), and (2) an arctic sympagic
gammarid (G. wilkitzkii; Aarset and Aunaas 1990).

MATERIALS AND METHODS

 Lake Michigan Diporeia sp., collected with a PONAR grab at depths of 24-29 m from a nearshore area,
4.8 km west of Grand Haven, Michigan, were transported to the laboratory where they were maintained
at 4oC, in constant darkness, in plexiglas aquaria containing lakewater and a 5-cm layer of sediment
collected from the site.
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In three (O:N) experiments (Experiments Nos. 1-3), both respiration (oxygen consumption) and ammo-
nia-nitrogen excretion rates were determined by maintaining two juvenile animals (mean individual dry
weight = 1.6 mg) within a 60-mL BOD bottle containing filtered (1 µm glass filter) lakewater, in dark-
ness at 4oC. In a fourth experiment (No. 4), only oxygen consumption was measured. Decline in oxygen
concentration (mgO

2
 L-1 over 24 hours) in (7-10 replicate) bottles containing test animals was adjusted

to include any changes noted in blank (animal-free) bottles. Changes in ammonium concentration were
likewise adjusted to blanks. Following 24 hours of incubation, animals were removed from test bottles,
blotted dry, and weighed. Wet weights were then multiplied by 0.269 to obtain dry weight (dry weight
percentage determined for Diporeia at study site; Landrum 1988) or dry weight of animals was directly
determined after 24-hour drying at 60o C. Oxygen concentrations were determined by Winkler titration
(Grasshoff 1983) while ammonium concentrations were determined with a micro-fluorometric method
(Gardner 1978).

In three other experiments, we examined potential effects of conditions in test vessels on Diporeia sp.
respiration. These included the influence of (a) the presence/absence of a sediment substrate on respira-
tion rate (Experiment No. 5), (b) the amount of time provided for animals to acclimate to the test vessels
prior to vessel closure and the subsequent oxygen consumption determination (Experiment No. 6), and
(c) the decline in availability of ambient dissolved oxygen in test vessel water occurring during the
oxygen consumption determination interval (Experiment No. 7).

Presence/Absence of Sediment Substrate (Experiment No. 5)
We evaluated possible effects of the presence/absence of sediments on Diporeia sp. respiration by
providing a 1-cm deep layer of pre-combusted (550oC for 2 hours) 500-550 µm sand to one group of the
test animals while another group’s oxygen consumption was measured without any substrate at the
bottom of test vessesls. Previous studies (Eriksen 1963,1968, Vernberg et al. 1977) have indicated that
oxygen consumption of benthic animals may be significantly affected by the presence and nature of a
substrate into which animals can burrow.

Animal Acclimation in Test Vessels (Experiment No. 6)
 A sixth experiment focused on identifying possible changes in O

2
 consumption resulting from handling

stress and/or increased activity of animals following introduction to test bottles. Oxygen consumption of
pre-acclimated animals (animals held, under flow-through conditions, in test vessels for 24 hours prior
to the experiment) was compared with respiration estimates of freshly-introduced animals during respi-
ration measurement intervals of 3.9, 7.9, 24.4, or 48.8 hours.

Effects of Decreased Oxygen Availabilty on Respiration
Because we relied on closed-vessel respirometry to determine Diporeia sp. O

2
 consumption rates, we

examined potential effects of declining oxygen concentration during the 24-hour incubation period on
corresponding Diporeia sp. respiration. To test for this effect, we measured Diporeia sp. O

2
 uptake in a

series of  10 experiments where ambient oxygen concentration at the start of the incubation interval was
reduced  to approximately 25-75% of control (near-saturation) values by partial stripping with nitrogen.
The ability of test animals to take up and use available oxygen under such O

2
-limited conditions was

then evaluated in terms of both respiration rate (mg O
2
 g-1DW day-1) and corresponding oxygen clear-

ance rate (mL of H
2
O cleared of oxygen mg-1 DW h-1). Oxygen clearance rates estimated the total vol-

ume of water animals were required to “clear” of oxygen to satisfy required metabolic demands thus
providing an assessment of energetic costs imposed on test animals by low dissolved oxygen concentra-
tions.
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   RESULTS

O:N Experiments (Nos. 1 - 3), O2  Consumption (Experiment No. 4)
Mean oxygen consumption rates measured in the three O:N experiments (1-3) ranged from 13.9 to 31.3
mgO

2
 g-1DW d-1, while ammonia-nitrogen was 0.45 - 0.77 ng-atom N mg-1hr-1 (Tables 1, 2). Correspond-

ing mean O:N ratios ranged from 61.6 to 230.0. Oxygen consumption measured alone in Experiment
No. 4 was 33.9 +  0.37 (SE).

Presence/Absence of Sediment Substrate (Expermiment No. 5)
In experiment #5, a t-test (Zar 1984) comparing means of O

2
 consumption of animals with, and without,

a sand substrate indicated that oxygen consumption rates were not significantly different (P<0.05).
Mean O

2
 consumption of both substrate and non-substrate groups was 13.9 mg O

2
 g-1 DW day-1 and

consequently, the two groups were pooled to give an overall mean of 13.9 + 1.5 (SE) mg O
2
 g-1 DW

day-1).

Animal Acclimation in Test Vessels (Experiment No. 6)
In Experiment #6, animals held in test vessels under flow-through conditions for 24 hours prior to vessel
closure initially exhibited respiration rates that were significantly lower (T test (P<0.05), Zar 1984) than
rates of non-acclimated animals. Although differences in mean O

2
 consumption were apparent betwen

pre- and non-acclimated groups after 4.1 and 7.9 hours  (Figure 1), the two treatments did not differ after
a 24.4-hour interval. The initial elevation of oxygen consumption rates may have been caused by in-
creased activity as the newly-introduced, non-acclimated animals explored the test container (e.g.
Sutcliffe 1984), but subsequently this activity decreased with no discernible differences in mean oxygen
consumption rates existing over 24 hours. Thus, results of both experiments were pooled within an
overall mean of 17.2 + 0.8 (SE) mg O

2
 g-1DW day-1.

Effects of Decreased Ambient O2 on Respiration (Experiment No. 7)
Comparison of Diporeia sp. oxygen consumption versus initial ambient oxygen concentration indicated
that O

2
 consumption rates remained nearly constant over an interval of 12.4 - 7.5 mg O

2
 L-1 (or a range

of 95 - 57% O
2 
saturation at 4oC) and gradually declined at lower ambient O

2
 levels. This trend has been

Experiment Date Objective DW (mg) N Excretion O2 Consumption O:N Ratio
      No. ng-atom N mg-1 DW h-1

1 4/25/86 O:N 2.4±0.3 (10) 0.47±0.10 (8) 31.3±1.5 (10) 230.0±56.1 (8)

2 5/8/86 O:N 3.0±0.2 (10) 0.95±0.13 (7) 17.2±1.4 (7) 55.8±10.5 (7)

3 9/22/88 Substrate/O:N 1.6±0.1 (10) 0.45±0.08 (7) 13.9±1.5 (10) 92.23±19.8 (7)

4 3/19/86 O2 1.9±0.2 (21) 33.9±0.37 (20)
4/25/86 Consumption

5 5/8/86 Test vessel 1.5±0.1 (10) 17.2±0.8 (10)
Acclimation

6 10/89 Decreased 2.2±0.1 25.5 (Vmax)
11/89 O2 (n=48)

Table 1. Mean Diporeia sp. oxygen consumption, ammonia-N excretion [+ SE n)] measured
in six 1986-1989 experiments.
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Figure 2. Eadie-Hofstee plot of regres-
sion line calculated for Diporeia sp.
oxygen consumption (R) (mg O

2
 g-1 DW

d-1) versus R divided by ambient oxygen
concentration (D.O.) (mg O

2
 L-1). R=-

2.1939 (R/D.O.) + 25.4247.

Figure 1. Effects of acclimation on
Diporeia sp. oxygen consumption (mg
O

2
 mg-1  DW day-1). Striped bars

denote respiration rates of animals
pre-acclimated in test vessels for 24
hours, under flow-through conditions,
while cross-hatched bars represent
respiration of non-acclimated animals
in experiments where determination
of oxygen consumption began
immediately following animal intro-
duction to test vessels. Error bars are
+ SE around a mean.
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previously observed in other amphipod species (Gammarus spp.; Sutcliffe 1984). Since the relationship
between dissolved oxygen concentration and O

2
 consumption approximated that seen for common

single-substrate enzyme reactions, we replotted the data in Eadie-Hofstee form of the Michaelis-Menten
equation (Lehninger 1975) (Figure 2). This transformed the data to linear form and a regression of O

2

consumption (dependent variable) versus oxygen consumption divided by ambient O
2
 concentration

indicated significant linear correlation (P<0.05, r=0.69, n=10). V
max

, the predicted oxygen consumption
rate at 100% O

2
 saturation was 25.5 mg O

2
 g-1 DW d-1 and K

m
 the corresponding ambient O

2
 concentra-

tion where oxygen consumption declined to 50% of the V
max 

 was 2.2 mg O
2
 L-1 .

A plot of oxygen clearance rates versus ambient O
2
 concentration (Figure 3) showed that animals re-

sponded to decreased oxygen availabilty by processing progressively larger volumes of water to satisfy
metabolic demands.

DISCUSSION

Oxygen Consumption
Diporeia sp. mean oxygen consumption estimated in our four experiments ranged from 13.9 to 33.9 mg
O

2
 mg-1DW day-1. To compare these rates with data from existing published data on Diporeia sp. respira-

tion (Johnson 1970; Johnson and Brinkhurst 1971; Bay of Quinte, Lake Ontario, Johannsson et al. 1985)
we entered the test temperature (4oC) and the overall mean dry weight (1.6 mg) of our test animals into a
regression equation used to describe O

2
 consumption of juvenile Lake Ontario Diporeia sp. where;

    ln R = 1.48 + 0.014 T - 0.3 ln W  (Johnson and Brinkhurst 1971)  and;
    T = Temperature (oC)
   W = Ash-free dry weight (AFDW)(mg) = 0.87 x dry weight (Landrum 1988)
    R = Respiration (ug O

2
 mg-1 AFDW day-1)

When dry weight of our test animals was converted to AFDW by multiplying by 0.87 (Landrum 1988)
for a temperature (T) of 4oC, this equation gave a respiration rate R (corrected back to a dry weight

Figure 3. Diporeia sp. O
2 
clearance

(mL H
2
O cleared of oxygen g-1 DW h-1)

versus ambient oxygen concentration
(mg O

2
 L-1). Solid line denotes calcu-

lated regression line  where r=0.82
(significant (P<0.05, n=10) and O

2

Clearance = -11.51 (Ambient O
2
) +

208.78.
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basis) of  4.0 mg O
2
 g-1 DW day-1  that was only 12 to 29% of our values. Johnson and Brinkhurst (1971)

measured oxygen consumption of juvenile animals using closed vessels, but measured oxygen with an
electrode equipped with an oscillating stirrer. One would expect, a priori, that O

2
 consumption might be

elevated if the constant agitation used, produced increased activity and higher oxygen uptake in test
animals. In subsequent studies of Lake Ontario macroinvertebrates, Chua and Brinkhurst (1973) and
Brinkhurst et al. (1972) showed that oligochaete oxygen consumption (also measured by Johnson and
Brinkhurst in the 1971 study) was higher when measured with the electrode/oscillating stirrer device
compared to an electrode/rotary stirrer. Brinkhurst et al. (1972) suggested that excessive vibration
produced by the oscillating stirrer may have led to higher activity and elevated O

2
 consumption of test

animals. If Diporeia sp. respiration measured in the 1971 study was similarly affected, O
2
 consumption

would be expected to  be larger than rates measured with our Winkler method where no water movement
or disturbance occurred.

Sutcliffe (1984) extensively reviewed a variety of factors influencing oxygen uptake in both freshwater
and brackish-marine Gammarus amphipod species and concluded that among numerous studies, esti-
mates of active metabolism (O

2
 consumption measured in animals held in constantly-stirred water) are

generally 2-4 times the standard or resting rates (where O
2
 consumption was measured in unstirred,

undisturbed water). Given such results, Johnson and Brinkhurst’s data should reflect higher activity and
oxygen consumption compared to our estimates. However, our estimates were greater than rates pre-
dicted by the Lake Ontario equation for animals with weights comparable to those tested in our study.
Aside from the minor increase in activity we noted following introduction of animals to test vessels (see
results) Diporeia sp. activity was likely not higher than the activity level of Lake Ontario animals.
Cederwall (1979) noted increased activity and higher oxygen consumption associated with swimming in
overlying water, during dark portions of a laboratory photoperiod in two Baltic pontoporeiids, and such
differences in activity and respiration rates might occur in Diporeia sp. We did not evaluate such pos-
sible diurnal changes in activity and oxygen consumption. However, our observations of Diporeia sp.
during periods when animals were held in sediments and constant darkness have indicated that animals
generally adopt a consistent level of activity under such conditions, and we believe that such activity
may may approximate normal levels for individuals in natural conditions.

A second study of Diporeia sp. respiration at three Lake Ontario locations (Johannsson et al. 1985)
provided a regression equation where;

R = exp [ -7.19 + 0.036 (T) - 0.219 ln (W) ] and;
R = Respiration (mg O

2
 mg-1 DW hr-1)

T = Temperature (oC)
W = Dry Weight (mg)

At 4oC and a mean dry weight of 1.6 mg this equation predicts O
2
 consumption of 18.9 mg O

2  
g-1DW d-1.

This value was toward the lower end of our Lake Michigan range of 13.9 - 33.9 mg O
2  

g-1DW d-1 and the
calculated Michaelis-Menten V

max
 of 25.5 mg O

2  
g-1DW d-1.

Overall, our estimates of Lake Michigan Diporeia sp. respiration rates appear to be equal to, or greater
than, rates noted for Lake Ontario animals. It is possible that marked physiological differences exist
between Diporeia sp. populations of the two lakes. Although the underlying reasons for such differences
are not presently known, the two populations may possess distinct and separate life history strategies in
response to differing environments of the two lakes. Moreover, given the apparent existence of numer-
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ous Diporeia species in the Great Lakes and other large lakes of North America (see Introduction), the
oxygen consumption differences we noted between our Lake Michigan data and Lake Ontario results
may be due to species differences between resident populations of the two lakes.

Results of Michaelis-Menten analysis of Diporeia sp. oxygen consumption at decreased ambient O
2

concentrations demonstrated that the amphipod is able to maintain a fairly uniform uptake of O
2 
, despite

declines in available oxygen. Thus, Lake Michigan Diporeia sp. are partial respiratory “regulators” and
have at least some capability of tolerating low-oxygen concentrations. In addition, these results suggest
that the approximate 10% drop in dissolved O

2
 concentrations that occurred during our 24-hour incuba-

tions had minimal influence on the corresponding Diporeia sp. oxygen consumption rates. The 24-hour
incubation interval was also sufficiently long to offset effects of increased O

2
 consumption noted during

the early portion of the incubation period. Thus, our 24-hour measurement interval was sufficiently long
to ensure reliable O

2
 consumption estimates, yet short enough to avoid effects of decreased oxygen

availabilty occurring in test vessels.

We were not able to compare our Michaelis-Menten / oxygen clearance results from Lake Michigan
Diporeia sp. directly with either of the two Lake Ontario studies because effects of decreased ambient
O

2
 concentrations were not examined. Moreover, Michaelis-Menten analysis of of data for two Baltic

Sea pontoporeiids Monoporeia affinis (formerly Pontoporeia affinis) and Pontoporeia femorata did not
show any significant linear relationship (P<0.05) existing for a Eadie-Hofstee transform (O

2
 consump-

tion versus O
2
 consumption divided by O

2
 concentration) (raw data provided  by Hans Cederwall, Dept.

Systems Ecology, Univ. Stockholm, S-106 91, Stockholm, Sweden).

Ammonia Excretion
Mean ammonia excretion determined for Diporeia sp. in the present study varied between 0.45 and 0.77
ng-atom N mg-1 DW hr-1. This range was lower than a previously reported 3-5 ng-atom N mg-1 DW hr-1

range for Lake Michigan Diporeia sp. obtained at 45 and 100 m depths and held at 4oC (Gardner et al.
1987), but overlapped with a 0.5-1.3 ng-atom N mg-1 DW hr-1 range recently reported for animals col-
lected at our 29 m Lake Michigan station (4oC test temperature; Gauvin et al. 1989). Nitrogen excretion
rates for Diporeia sp. are generally lower than published rates of other amphipod species. Nitrogen
excretion of two Baltic brackish-marine gammarid species (10oC) G. duebeni and G. oceanicus ranged
from 2.6-2.8 ng-atom N mg-1 DW h-1 (Tedengren et al. 1988) and mean nitrogen excretion of the marine
amphipod Corophium volutator was 5.7 ng-atom N mg-1 DW h-1 at 22o C (Hawkins and Keizer 1982).
Although the rates of these species are higher than those we noted for Diporeia sp., this difference may
be partly explained by differences in experimental temperatures employed.

O:N Ratios
O:N ratios (atoms of oxygen consumed per atom of nitrogen excreted) (Figure 4) were generally greater
than 60 (i.e. 62% of all data points exceeded this value). These results suggest that most of the animals
in the experiments were relying primarily on lipids as metabolic substrates with protein catabolism
playing a secondary role. These conclusions are based on a recent, extensive review of the use of O:N
atomic ratios to assess nutritional status and underlying metabolism (anabolism/catabolism) in crusta-
cean zooplankton populations (Mayzaud and Conover 1988). In general, zooplankton O:N ratios were
characterized as being strongly influenced by the disposition of an animal’s free amino acid pool with
regard to tissue growth (anabolism) or tissue degradation (catabolism). Depending on an animal’s
internal energy requirements, nutritional status and trophic history, and quantity and quality of food
supply, free amino acids may be incorporated within tissues as protein, or catabolized to produce energy
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(primarily through transdeamination via the glutamate dehydrogenase pathway (GDH) in crustaceans).
Oxidative deamination of amino acids through the GDH pathway, in turn, produces ammonia which is
subsequently excreted. When a variety of amino acids and possible catabolic pathways were considered
with respect to NH

3
 excretion and oxygen consumption, Mayzaud and Conover concluded that animals

catabolizing protein exclusively would exhibit O:N ratios between 3 and 16. When theoretical consider-
ations of both protein and lipids were considered, catabolism of approximately equal amounts of these
two substrates  were expected to produce O:N ratios between 50 and 60. Above 60, O:N ratios were
interpreted as reflecting a lipid-dominant catabolism. Overall, the apparent lipid-dominant catabolism
we observed in Diporeia sp. was far different than results noted in the two other existing studies of O:N
ratios of amphipods. Tedengren et al. (1988) found a protein-dominant catabolism (O:N ratios of 33-38)
in two brackish marine gammmarids and Aarset and Aunaas (1990) noted utilization of a protein/lipid
substrate by an arctic sympagic gammarid (O:N ratio of 21). In two other related studies, however,
measurement of the respiratory quotient (CO

2
 produced/O

2
 consumed) indicated lipid-dominant catabo-

lism (R.Q. of 0.72-0.85) in Gammarus pulex (Wright and Wright 1976) and catabolism of both lipid and
protein in G. fossarum (R.Q.=0.64) (Orzechowski 1974).

While the above results indicate that the nature of the substrates catabolized by different amphipod
species may vary, other indirect evidence suggests that Diporeia sp. has a lipid-dominant catabolism,
given its biochemical composition and life history. Total carbon content (more specifically lipid content)
is closely associated with variation in the O:N ratio of aquatic invertebrates (Mayzaud and Conover
1988). The unusually high lipid content of Diporeia sp. is well-known (Green 1971, Gardner et al.
1985). Lipids can constitute up to half of the amphipod’s dry weight (Gardner et al 1985) and lipid
content steadily increases with size throughout juvenile life (Quigley et al. 1989). Thus, it is not surpris-
ing that the O:N ratios we observed show a catabolism that is largely lipid-dominant.

Diporeia sp.’s ability to store and use lipids appears to be part of an energetic strategy that allows the
organism to rapidly exploit food (primarily phytoplankton or detritus generated from the Lake Michigan

Figure 4. Diporeia sp.
oxygen consumption
(ng-atom O mg-1 DW h-

1) versus N excretion
(ng-atom N mg-1 DW
h-1).  Regions in figure
correspond to (1)
Exclusive catabolism
of protein (O:N<16),
(2) Catabolism domi-
nated by protein (16
>O:N<50), (3) Catabo-
lism of equal amounts
of protein and lipid
(50>O:N<60), and (4)
Catabolism dominated
by lipids (O:N>60).
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spring diatom bloom) that is only seasonally available (Gardner et al. 1990). This strategy is similar to
one typical of crustacean zooplankton species which store large lipid supplies, enabling them to maintain
metabolic homeostasis for considerable periods when food is limited or unavailable. For such species,
O:N ratios will primarily reflect seasonal changes in biochemical composition associated with storage
and use of energy reserves (Mayzaud and Conover 1988). Given Diporeia sp.’s high lipid content (most
notably triacylglycerols; Gardner et al. 1985, Quigley et al. 1989), this amphipod should also show a
close relationship between O:N ratio and biochemical composition. Though Diporeia sp. lipid content is
known to change seasonally (Gardner et al. 1985), its relationship to O:N ratios has not yet been exam-
ined. Although we did not document lipid content of test animals in our study, the clumping of Septem-
ber O:N data points in the upper oxygen consumption range (Figure 4) suggests some seasonal differ-
ence, compared to April and May results. Additional assessment of such trends relative to Diporeia sp.
biochemical composition is clearly needed and may yield further detailed understanding of the energetic
and biochemical changes occurring throughout the animal’s life history.
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